
101

Two Tell-tale Perspectives of PTSD: Neurobiological Abnormalities
and Bayesian Regulatory Network of the Underlying Disorder in a
Refugee Context

FARHANA SHAHID∗, Bangladesh University of Engineering and Technology, Bangladesh
WASIFUR RAHMAN, University of Rochester, United States
ANIKA BINTE ISLAM, Bangladesh University of Engineering and Technology, Bangladesh
NIPI PAUL and NABILA KHAN,Military Institute of Science and Technology, Bangladesh
MOHAMMAD SAIFUR RAHMAN, Bangladesh University of Engineering and Technology, Bangladesh
MDMUNIRUL HAQUE, Purdue University, Regenstrief Center for Healthcare Engineering, United States
A. B. M. ALIM AL ISLAM, Bangladesh University of Engineering and Technology, Bangladesh

Global refugee crisis around the world has displaced millions of people from their homes. Although some of them adjust
well, many suffer from significant psychological distress, such as post-traumatic stress disorder (PTSD), owing to exposure
to traumatic events and hardships. Here, diagnosis and access to psychological health care present particular challenges
for various human-centered design issues. Therefore, analyzing the case of Rohingya refugees in Bangladesh, we propose a
two-way diagnosis of PTSD using (i) short inexpensive questionnaire to determine its prevalence, and (ii) low-cost portable
EEG headset to identify potential neurobiological markers of PTSD. To the best of our knowledge, this study is the first to use
consumer-grade EEG devices in the scarce-resource settings of refugees. Moreover, we explored the underlying structure of
PTSD and its symptoms via developing various hybrid models based on Bayesian inference by combining aspects from both
reflective and formative models of PTSD, which is also the first of its kind. Our findings revealed several key components of
PTSD and its neurobiological abnormality. Moreover, challenges faced during our study would inform design processes of
screening tools and treatments of PTSD to incorporate refugee experience in a more meaningful way during contemporary
and future humanitarian crisis.
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1 INTRODUCTION
With growing refugee crisis caused by forced displacement due to war, violence, and persecution, addressing
the basic needs of the refugees has become crucial for their long-term sustainable well-being. However, beyond
the atrocities and violation of human rights, the trauma events during forced displacement a�ect the long-term
psychological well-being of the refugees, particularly subverting the victim's sense of safety, attachment, justice,
identity-role, and existential meaning [167]. Earlier studies on refugees showed that cumulative exposure to
trauma eventually leads to the development of PTSD [79, 104, 121, 156] and increases psychiatric morbidity
[112, 113]. However, the issue of mass trauma in non-western population exposed to violence is often questioned
[177] due to low prevalence rate of PTSD among the general population [83] even after experiencing a traumatic
event. Yet with the controversies involved, many studies have found connection between exposure to trauma
and various mental health disorders, such as PTSD, schizophrenia, depression, anxiety disorder, and so on
[13, 26, 66, 170]. Previous work on refugees revealed that exposure to trauma deteriorates mental health status
and reduces social functioning skills [24]. Besides, PTSD and depression play a key role in the formation of
various diseases [111]. However, despite the risk of various diseases, access to mental health care for refugees
su�ers from di�erent legal and practical restrictions in almost all host countries [47, 126].

1.1 Challenges in Refugee Mental Health Care
Although health-care is an essential factor for the long-term sustainable well-being of the refugees, measures
intended to reduce their vulnerability to mental health disorders may entail various di�culties due to a wide
range of factors. Limited resources, inequitable distribution of services, di�culties in coordinating national
and international e�orts, barriers to accessing available health care services, social stigma, etc., greatly impede
the process of refugee mental health care [168, 169]. Such challenges are particularly salient in refugee crisis
response plan where the dynamics of humanitarian needs are becoming more complex and severe day by day
[146, 147]. Besides, the refugees themselves might not realize the necessity of required mental health care, and
therefore, ignore this aspect for various ongoing daily stressors, day-to-day su�erings in makeshift camps, and
persistent stigma associated with both mental illness and the feeling of being a refugee [85, 116]. Moreover,
the existing general and specialized arrangements for diagnosis and treatments of PTSD often su�er from
under-utilization [33] due to various challenges and issues involving human interaction and expectation. These
include lack of cultural competence and sensitivity, absence of respect and understanding of di�erent traditions,
di�erence in cultural and religious views about mental health and treatment, low level of mental health literacy,
lack of linguistically accessible services, lack of trusting relationship between the clinician and the patients,
negative experience of services, inability to use self-report questionnaires for low literacy level, and so on
[33, 55, 85, 152, 168]. Given these challenges, it is of utmost signi�cance to focus on e�ective interaction between
refugees and health service providers in parallel to looking for other means of e�ective diagnosis of PTSD.

1.2 A Timely Shi� from Psychological Perspective of PTSD to Its Neurobiological Abnormalities
Although PTSD was initially de�ned from psychological perspectives, it is time to look into this problem through a
di�erent dimension. PTSD is traditionally characterized by the presence of several post-traumatic stress symptoms
over a time period of a month or more. These post-traumatic stress symptoms might re�ect the emergence of an
abnormal underlying neurobiological mechanism in response to the stress of witnessed trauma. Recent �ndings
in neuroscience have demonstrated neurobiological abnormalities among PTSD patients and identi�ed several
hallmark neurobiological features of PTSD [154, 165]. Various factors, such as neurochemical factors, endocrine
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factors, changes in brain circuitry, etc., a�ect the interplay between adverse environmental stimulation and stress
responses or reactions. Besides such neurobiological factors, electroencephalogram or EEG has been frequently
used to identify potential neurobiological markers for di�erent mental health disorders [134, 153, 188], including
PTSD [5, 27, 97].

EEG refers to a physiological method for measuring the electrical activities generated by a brain. Our motivation
behind exploring EEG is that it o�ers excellent temporal and spatial resolutions for the assessment of brain
activities. Besides, study of these brain activities allows us to characterize and detect presences of abnormalities
associated with various post-traumatic stress symptoms. Additionally, being a spontaneous phenomena [155],
EEG is less susceptible to con�icts and confusions associated with responses of the participants while using
traditional questionnaire-based diagnostic tools. Moreover, EEG signals have the capability to identify and
di�erentiate potential neurobiological markers of disorder from that of healthy individuals, even at rest state
[60, 77, 196]. Thus, the use of EEG may avoid issues and challenges associated with human interaction and
communication, such as that of language barrier, too low literacy level to use self-help questionnaires, etc. In
recent times, advances in EEG technology have introduced several inexpensive brain computer interfaces (BCIs)
making this technology more a�ordable and accessible than ever before. Its potential for real-time assessment of
a person's cognitive state has facilitated various pervasive brain computer interface applications. For instance,
consumer-grade EEG devices have found their use in so many diverse applications ranging from bio-metric system
in pervasive environments [67] to real-time EEG based pain control system [135], tracking mental engagement
of people with ADD and ADHD [8], exploring momentary gaming experience of players [7], ubiquitous blood
pressure monitoring system [98], ischemic stroke detection [141], and so on. Therefore, we believe that the
potential of BCIs might be of particular interest in the �eld of ubiquitous computing, which is concerned with
the integration of mobile devices as well as inexpensive and embeddable sensors in various aspects of everyday
lives. Besides, in the �eld of ubiquitous computing, researchers actively strive for opportunities to design and
develop �exible, adaptive technologies that integrate with and capitalize on human capabilities and limitations to
improve human-computer interactions [92]. BCI based neurotechnologies have been major upholders of this
ideology, whose applications have been targeted to overcome obstacles to multi-modal interaction, real-time
diagnosis, sophisticated analyses, limitations of computational infrastructure, and so on. Therefore, extending
this technology to clinical diagnosis of psychiatric diseases would greatly improve mental health care as well
as pave the pathway for interactive patient diagnostic system. Accordingly, in this work, we explored how
consumer-grade BCIs perform in detection and diagnosis of PTSD. To the best of our knowledge, no research
study has been performed yet to measure the scope, e�ectiveness, and usability of low-cost, consumer-grade
EEG devices for the diagnosis of PTSD, specially in the context of refugee crisis. We believe that our work would
shed light on the usefulness of BCIs in the �eld of ubiquitous health care, monitoring, and diagnostic system.

1.3 PTSD as a Causal System
Though diagnosis plays an important role for the early detection of any disease that might be curable, only it is
not enough until the patients in need are provided with proper treatment. To accelerate recovery after exposure
to severe trauma events, it is critical to understand the dynamic interplay between di�erent post-traumatic stress
symptoms and their manifestation in the form of PTSD. Over the years, many models have been proposed to
capture the complex and dynamic interaction between the symptoms and disorder, such as latent variable model
(re�ective model) [36, 82], network model (formative model) [20, 107], etc.

The re�ective model or latent variable model assumes that symptoms are re�ective of a latent disorder, and
therefore, they correlate with each other. According to this view, the manifestation of PTSD denotes a latent
variable that functions as the common cause for each PTSD symptom, i.e., PTSD bears the causal relevance for the
observed values of each post-traumatic stress symptom [14, 17, 43]. Therefore, the symptoms correlate with each
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other because they share a common determinant. For example, in the traditional latent variable approach, trauma
events lead to the development of PTSD and this underlying disease entity, in turn, causes the post-traumatic
stress symptoms that re�ect its presence. On the other hand, the network or formative model interprets the
causal relations among the symptoms and disorder in a di�erent way. This model assumes that symptoms are
constitutive of mental disorder, not re�ective of it. According to this view, symptoms correlate not because they
share a common dependence on an underlying latent entity, but because they are coupled through direct and
homeostatic links [36, 82]. Therefore, in this model, PTSD is not an underlying disease entity that produces
symptoms, rather it is a network of interacting as well as self-reinforcing symptoms [105]. Thus, this model
conceptualizes PTSD as a causal system comprising various post-traumatic stress symptoms. For instance, in
network models of PTSD, some stressors produce certain symptoms that activate other symptoms, possibly
in circular and self-reinforcing ways. Thus, in this view, the post-traumatic stress symptoms are not passive
psychometric re�ectors of an underlying disorder, rather they are active constituent ingredients of the disorder
[52, 53].

However, both of these models (re�ective and formative model of PTSD) often miss the complexity, multiplicity,
and non-linearity of relationships that lie between the symptoms and the disorder. Since there are so many
social, psychological, and neurobiological factors that are important in the etiology of PTSD, it is often di�cult
to capture all these into a single model. For instance, with latent variable model, it is implausible for a single
factor to explain the diversity of all post-traumatic stress symptoms because such a latent construct can not be
necessarily isomorphic and generalized across people [19]. Besides, since all the symptoms are caused by a single
latent entity in this model, correlations among the symptoms cannot be direct. Additionally, the presence of a
single common factor makes their correlation entirely attributable to the underlying disorder, and therefore, the
symptoms are likely to be locally independent of each other. However, such local independence of the symptoms
is implausible in psychopathology [18]. On the other hand, the network model conceptualizes PTSD as a cluster
of directly related symptoms. The network model of PTSD is based on a theoretical conjecture resting on the
implausibility of local independence among symptoms. However, in reality, not all symptoms equally contribute
to the development of PTSD, which we con�rm by our sudy in this paper. Our investigation reveals that some
symptoms may interact with each other and give rise to PTSD, while some others may emerge as a consequence
of the disorder. Therefore, a hybrid model of PTSD comprising aspects from both re�ective (latent variable model)
and formative (network model) models of PTSD would be inevitable in road to revealing relationships among
PTSD and its symptoms.

1.4 Our Motivation and Research Context
In this work, we have examined the psychological and neurobiological characteristics of Rohingya refugees
living in Bangladesh. The Rohingyas are an ethnic minority, consisting of mainly Muslims, who have lived in
Buddhist-majority Myanmar for centuries [72]. However, o�cially they are not recognized either as an ethnic
nationality or as legal citizens of the country by the Myanmar Nationality Law of 1982 [192]. In fact, their struggle
for legal citizenship status against the military junta of the country dates back to 1950s [34, 96]. Since then, the
Rohingyas have been victimized to systematic discrimination, targeted violence, ethnic cleansing, persecution, and
other state-imposed strict regulations [72, 192]. Even the United Nations reported them as the most persecuted
ethnic minority in the world [117]. To escape torture and death, the Rohingyas have been �eeing to neighboring
countries, particularly into Bangladesh, over the course of many decades with signi�cant spikes following violent
attacks in 1978, 1991-92, and again in 2016-17 [72, 129]. After the start of 2016-17's Rohingya persecution, more
than 640 thousand Rohingyas have been forced to seek refuge in Bangladesh [185]. In fact, this humanitarian
crisis has been termed as one of the fastest-growing refugee crises in the world [35]. At present, more than 800
thousand Rohingyas are passing their days in sheer distress in various refugee camps in Cox's Bazar, Bangladesh
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[72]. With the continuation of growing in�ux of refugees, the situation remains critical for pressing demands
on land and limited local resources. As a result, the refugees are being forced to live in precarious conditions
within congested camp areas, where living conditions are di�cult and often dangerous [186]. Besides logistical
and resource limitations, overcrowded living areas, lack of adequate drinking water and sanitation facilities,
acute malnutrition, and other factors continue to exacerbate existing public health risks. The overburdened
health care facilities in Sadar Hospital in Cox's Bazar along with the ill-equipped local (Teknaf and Ukhia) health
complexes are not su�cient to provide for the growing in�ux of refugees [127]. Though di�erent humanitarian
organizations are bringing in health care aids, challenges such as severe acute malnutrition, communicable
disease risks, sexual and reproductive health risks, etc., are way too many to be handled e�ectively in addition to
mental and psychological health risks [63]. Besides, the understandings on disease and health by Rohingyas are
intertwined with spirituality and religion. Accordingly, mental health issues are sometimes spoken about as a
result of jinn possession [150]. On the other hand, the issues of mental and psychological health risks are largely
stigmatized and misunderstood in Bangladesh [74]. The overall mental health care scenario in the country is very
grim lacking adequate trained doctors and nurses with no facility for follow-up care or even in some cases no
facility for day treatment program for mental health [194]. Under such circumstances, where the issue of mental
health of the host community is heavily ignored, mental health issues of the refugees hardly stand a chance.
Therefore, acknowledging these factors would help us in terms of diagnosis and to �gure out how the solutions
should be explored in the social and cultural contexts of refugees as well as that of the host community.

Keeping the above mentioned factors in mind, in our work, we investigate potential use of various inexpensive
diagnostic tools of PTSD. Here, we consider limited resources and inequitable prioritization of sectors in refugee
context. Our �rst step towards the investigation was to measure the prevalence of PTSD among the Rohingya
refugees with traditional interview-based diagnostic tools followed by the analysis of background EEG activity
of refugees diagnosed with PTSD. Next, we focused on developing various models to analyze and de�ne the
relationships between di�erent post-traumatic stress symptoms and PTSD. To build these models, we utilized
concepts from both re�ective and formative models of PTSD. Our hypothesis in favor of developing these hybrid
models is that, some symptoms constitute PTSD while some are re�ective of it. Therefore, keeping in line with
our hypothesis, we �rst built a PTSD correlation network (PTSDCN) where nodes are used to represent PTSD
and other post-traumatic stress symptoms, and the edges re�ect signi�cant association between the symptoms
themselves and with PTSD. Although correlations between entities provide an initial approximation of the
underlying structure, they potentially obscure the directions of functional associations. For example, correlation
between two entities A and B may arise when A in�uences B, or B in�uences A, or a third entity C in�uences both
A and B [18]. Therefore, simple correlation networks fail to di�erentiate between such interactions. However, our
motivation behind computing PTSDCN was to identify clusters or groups of entities where an entity correlates
with all other entities in the same group. We used the notion of maximal clique [15] to derive such groups
of correlated symptoms from PTSDCN (see supplementary). These groups of correlated entities might be of
particular interest in determining potential targets for the treatment of PTSD [128]. It would potentially help us
to devise di�erent treatment strategies that would be e�ective for targeting large numbers of post-traumatic
stress symptoms together.

However, PTSDCN does not give us any idea about the type of functional association between the symptoms
and the disorder. Therefore, our next step was to build a partial correlation network of PTSD (PTSDPCN). In a
partial correlation network, an edge depicts the correlation between two entities where the in�uences of all other
entities have been controlled statistically. Thus, PTSDPCN gets rid of any indirect association that is likely to be
induced by a third entity and contains only the ones that are results of direct associations between two entities.
However, both PTSD correlation network and partial correlation network are undirected graphs. To determine
which symptoms actually constitute PTSD and which symptoms are re�ective of it, we further built a directed
acyclic graph (DAG) for PTSD regulatory network using Bayesian network of interactions [39].
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Bayesian networks (see supplementary) have been widely used in many di�erent �elds and recently found its
way in re�ective (latent variable) model analysis of bullying [109] and formative (network) model analysis of
PTSD among adults reporting childhood sexual abuse [106]. Bayesian network is basically a DAG, which tries to
capture the hierarchical dependency among a set of variables by using conditional dependencies among them.
The nodes in this DAG represent observable or latent variables and edges represent the direction of functional
associations. The motivation behind developing a directed PTSD regulatory network is that, the use of DAGs
can provide us insights about admissible causal relationships among PTSD and its various symptoms. They are
not only able to detect associations between pairs of symptoms or between a symptom and disorder but also
�nd out the direction of these associations. As a result, they provide suggestions about hypotheses on potential
causal relations [136], such as, which symptoms constitute PTSD and which might be re�ective of it. Besides,
DAG analysis is capable of determining most likely functional associations among multiple variables resulting in
a cascade of causal relations. Moreover, similar to the case of partial correlation, Bayesian inference also controls
the indirect in�uence of other entities given the entity directly in�uencing a particular component in the network
is known.

Now, to quantify the importance of each post-traumatic stress symptom to the overall development of PTSD,
we calculated two indices of centrality in PTSDPCN and PTSDRN. The measures of centrality identify the most
important nodes in a graph or network. For our purpose, we calculated two measures of centrality, namely
strength [58] and betweenness [29] (see supplementary). Strength quanti�es the level of connectivity associated
with a particular entity, whereas, betweenness measures the level of control asserted by a particular entity on the
interactions among other entities. For all measures of centrality, higher values re�ect a node's greater importance
to the network. Therefore, identifying such components of higher importance within PTSD networks would
provide us potential targets for the diagnosis of PTSD and treatment thereof [61].

1.5 Our Contributions
Considering the demographic and cultural issues as well as risk factors associated with refugee crisis, our work
in this paper contributes the following:

(1) We took a holistic approach for diagnosing PTSD among Rohingya refugees using a simple, yet powerful set
of questionnaire. Here, we performed on-site data collection by overcoming common barriers in di�erent
aspects, such as language, con�dence, belief, etc., through a judicious approach of inclusive interviewing.

(2) Besides, we used a low-cost, consumer-grade, portable EEG headset to examine the neurobiological charac-
teristics of healthy Bangladeshi citizens as well as that of trauma-in�icted Rohingya refugees. To the best
of our knowledge, this study is the �rst to explore the potential of EEG signals to diagnose PTSD in the
scarce-resource context of refugees. We identi�ed several neurobiological abnormalities associated with
PTSD using this brain computer interface device, which corresponds to �ndings from previous literature in
several cases along with having new �ndings. Moreover, we found association between EEG signal and a
group of completely interconnected post-traumatic stress symptoms along with PTSD.

(3) Additionally, the attention and relaxation values available through our EEG headset enabled us to analyze
PTSD related attention de�cit and hyperarousal.

(4) Moreover, we took into account concepts from both re�ective and formative models of PTSD to build a PTSD
regulatory network. In this regard, our hypothesis was that some symptoms constitute PTSD (formative
property) while some others re�ect the underlying disorder (re�ective property). To our knowledge, ours
is the �rst to combine aspects from both re�ective and formative models into a single hybrid model. Our
model revealed several post-traumatic stress symptoms as key components to the etiology of underlying
disorder, such as sleeping disorder, avoidance, feeling of nervousness, nightmare, etc.
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(5) The key �ndings from both neurobiological abnormalities and underlying structure of PTSD provide
potential directions for the diagnosis and treatment of PTSD. Since sleeping disorder emerged as the
highly central symptom in PTSDRN, we hypothesise that targeting this symptom would result in potential
remission of di�erent post-traumatic stress symptoms and disorder to a greater extent.

2 METHODOLOGY OF OUR STUDY
Previous research indicates that resource limitation, di�erences in patterns of seeking help, ways of coping,
inability to take time away from daily hurdles, etc., complicate the task of screening and treating mental health
disorders of immigrants and refugees [16, 85, 86]. These already revealed �ndings in�uenced our choice of
methodology in two ways. First, for qualitative measure of PTSD, we chose a simple yet comprehensive diagnostic
tool. Second, for quantitative measure of PTSD, we chose a low-cost consumer-grade EEG device. Using this
two-way methodology, we tried to �gure out potential neurobiological markers of PTSD as well as to explore
di�erent models that could re�ect possible interactions among di�erent post-traumatic stress symptoms and
PTSD.

2.1 Participants in Our Study and Coordination of the Interviews
To examine whether the mental and neurobiological status of Rohingya refugees di�er from that of healthy
individuals or not, we interviewed and collected EEG signals from45healthy Bangladeshi citizens (aged between
14� 60) who volunteered to participate in our research. They comprise the comparison group of our study. The
data collection and interview took place in the premises of Bangladesh University of Engineering and Technology,
Dhaka in December,2017. These interview sessions were conducted in Bengali which is the mother tongue of
both the interviewers and the participants of comparison group.

On the other hand, to collect data from our population of interest, i.e., Rohingya refugees, �ve of our authors
visited Kutupalong refugee camp in Ukhia, Cox's Bazar. It is the world's largest reported refugee camp with
an estimated population of about 886,778 refugees, majority of whom have migrated to Bangladesh after the
violence escalated in 2016-17 in the Rakhaine state of Myanmar [145]. The permission of data collection was
o�cially granted by District Commissioner (DC) of Cox's Bazar. Our interviewers, occasionally accompanied
by camp o�cials, invited refugees within the camp-area to participate while they were engaged in their daily
activities. Now, to build PTSD correlation networks of large e�ect size (r = 0:50), we needed to determine the
required sample size for our analyses. For this purpose, we used pwr package available in R [28]. We found that at
least37participants were required to create correlation networks of desired e�ect size at a minimum of0:05level
of signi�cance and90%level of power. Again, to compare the neurobiological characteristics of refugee group
with that of comparison group, we needed at least34participants in each group for90%power at a minimum of
0:05level of signi�cance.

To meet the minimum requirement for sample sizes, initially, we invited86refugees at random within the camp-
area.71of them (aged between10� 70) turned up during the interview while others declined to participate, mostly
due to their engagement in di�erent activities or discomfort with the idea of being interviewed. The interviews
were conducted at the camp registration o�ce where most of the refugees register themselves as residents of
di�erent camps and therefore, the o�ce was a familiar place for them. While conducting our interviews, we took
permissions from the participants before collecting any data from them. The data was collected in January,2018.
The conversation mainly took place in Chittagonian dialect and Bengali. Since Rohingya dialect and Chittagonian
dialect are closely related, it is commonly understood by refugees living in the camps [50]. Having home town in
Chittagong, one of the female interviewers among us could �uently converse in Chittagonian dialect. It greatly
helped us in overcoming the language barrier during the interview and engaging the participants in an interactive
conversation. Besides, during the interviews, many participants were accompanied either by their relatives or
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`majhi', the Rohingyas who are members of camp organizing committee and thus, treated as local leaders. Such
presence of fellow familiar refugees during the interviews also boosted the con�dence of many participants.

2.2 Diagnostic Tools
Many screening tools are currently available for evaluating trauma history and post-traumatic symptoms.
Examples include MINI, IES, PTSD checklist, DTS, SPAN, CAPS, SCID, etc., [130� 132, 164]. Some of them are in
interview format and some are in the form of self-reports. Among the available screening tools, we decided to
use Chittagonian translated version of ICD-10 PTSD module of MINI [71]. The main reasons behind adopting
MINI are as follows:

(1) MINI o�ers a short inexpensive questionnaire compared to others that demand the participants to answer
a lot of questions.

(2) It is easy to administer for its simplicity since the diagnosis of each symptom is coded with a simple `yes'
or `no' response.

(3) MINI is less time-consuming with reported administration time of about15minutes compared to other
diagnostic tools, which demand administration time ranging from45� 120minutes [171]. As reported in
earlier work, refugees often tend to neglect sessions with long administrative time since they have to spend
a substantial period of their day-to-day lives in facing various challenges [85].

(4) MINI is compatible with both ICD-10 and DSM-V criteria [164].
(5) The PTSD module of MINI is highly sensitive (0.85) and particularly capable of detecting high proportion

of patients with PTSD [164]. It is useful in many psychiatric emergency settings where PTSD is under
diagnosed.

(6) The PTSD module has high inter-rate reliability (Kappa statistic,� = 0:78) [164].
With all these considerations, MINI appears as a particularly suitable tool for screening tests aimed at providing

primary care in psychiatric emergency settings. Our Bengali translated version of MINI questionnaire consists
of three screening questions, which if positively answered, are followed by two more diagnostic questions.
A diagnosis of PTSD is recorded if the participant (after positively answering all screening questions) either
responds positively about avoiding trauma-related stimuli or faces at least more than one symptom associated
with trauma-related arousal and reactivity [71] (see supplementary for more details). We used the data collected
from this interview to develop various models of the underlying psychiatric disorder. For all the models we built
for our analysis, we used the following abbreviations to designate various PTSD symptoms:

Table 1. Abbreviated terms for di�erent post-traumatic stress symptoms used in PTSDCN (Section 3.4), PTSDPCN (Section
3.5), PTSDRN (Section 3.6), centrality measurement (Figure 7), and relative EEG power analysis (Section 3.7).

Abbreviation Symptom Abbreviation Symptom
Dst Feeling distressed Ngh Nightmare
Avd Avoiding trauma-related stimuli

including trauma-related thoughts
or feelings and reminders

Rcl Inability to recall key features of
trauma

Slp Di�culty in sleeping Irr Irritability or outbursts of anger
Cnc Di�culty in concentrating Nrv Feeling nervous or being on guard

2.3 EEG Recordings, Pre-processing and Data Analysis
Before collecting electroencephalogram (EEG) signals from Rohingya refugees, we asked for permission from
Army authority of the camp. At �rst they denied since they thought that, in case some participant refugee su�ered
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